DISPLAY APPARATUS 

BACKGROUND OF THE INVENTION 

5 1 .Field of the Invention: 

The present invention relates to a display apparatus in which a 
plurality of display device are placed along a front-rear direction 
corresponding to a viewer's line of sight and which enables 
three-dimensional viewing of an image by controlling a corresponding 
10 image displayed on each display device. 

2.Description of the Related Art: 

Display apparatuses in various forms have been proposed as an 
apparatus capable of displaying an image having a three-dimensional 

15 appearance or such apparatuses have been put to practical use. For 
example, a liquid crystal shutter spectacles system or the like is well 
knovm as a display apparatus capable of displaying an 
electrically-rewritable image having a three-dimensional appearance. In 
this liqiiid crystal shutter spectacles system, pictures of an object are 

2 0 taken in different directions by a camera, image data including parallax 
information thereby obtained is synthesized into one image signal, and 
this signal is input to a display device to display images. A viewer wears 
liquid crystal shutter spectacles. At the times of display of odd fields for 
example, the liquid crystal shutter corresponding to the right eye is set in 

25 a transmitting state while the liquid ciystal shutter corresponding to the 
left eye is set in a light shielding state. On the other hand, at the times 
of display of even fields, the liqmd crystal shutter corresponding to the 
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left eye is set in a transmitting state while the liquid crystal shutter 
corresponding to the right eye is set in a light shielding state. Images for 
the right eye and images for the left eye are displayed in the odd fields 
and in the even fields, respectively, in synchronization with each other. 
5 The viewer can recognize an image having a three-dimensional 
appearance by viewing with the right and left eyes the images for the 
right and left eyes including a parallax. 

A display apparatus is also known in which a pliorality of display 
devices are placed in a front-rear direction on a viewer's line of sight and 

10 the viewer views images displayed on the display devices in a state of 
being superposed on each other as seen from the viewer. These images 
are discrete in the depth direction but perceivable as an image having a 
three-dimensional appearance. Another display apparatus is also 
knovm which is designed to improve the above-described discrete state in 

1 5 such a manner that the luminances of images respectively displayed on 
the display devices are changed relative to each other so that the 
resulting image can be perceived as if the object exists at an intermediate 
position between the discrete positions. ; This display apparatus can 
display an image improved in three-dimensional appearance. For 

20 example, a luminance modulation type of display apparatus which 
displays object images from a plurality of display devices in a superposed 
state by using a plurality of half mirrors to enable such a display that a 
semitransparent object is displayed or an object at the back of a 
foreground object is seen through the foreground object is proposed (see, 

25 for example. Patent Document 1). 

[Patent Document 1] \ 
Japanese Patent Laid-Open No. 2000-115812 
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The display apparatus having a plurality of display devices placed 
in a front-rear direction on a viewer's line of sight has a technical 
problem in that whether or not an image having a three-dimensional 
appearance can be easily displayed or whether such an image can be 
5 displayed or cannot be displayed depends on the spacing between the 
display devices. 

SUMMARY OF THE INVENTION 
In view of the above-described inconvenience, an object of the 
10 present invention is to' provide a display apparatus which uses an 
arrangement having a plurality of display devices placed along a 
front-rear direction, and which enables a viewer to perceive an image 
having a three-dimensional appearance. 

The above object of the present invention can be achieved by a 
15 display apparatus of the present invention. The display apparatus is 
provided with a plurality of display device, at least one of which is a 
semitransparent display; and a fixing .device for fixing the plurality of 
display devices to be placed along a front-rear direction on a viewer's line 
of sight each other, wherein a relationship between the spacing L(mm) 
2 0 between image planes of adjacent of the plurality of display devices and 
the length S{mm) of diagonal lines of the two display devices satisfies a 
condition expression:S/63.5 + 1.5 < L < S/ 12.7 + 7.0 

In one aspect of the present invention can be achieved by the 
display apparatus of the present invention. The display apparatus of 
25 the present invention is, wherein the relationship between the spacing 
L(mm) and the length S(mm) satisfies a condition expression: 
S/50.8 + 2.0 < L < (3xS)/50.8 + 5.0 
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In another aspect of the present invention can be achieved by the 
display apparatus of the present invention. The display apparatus of 
the present invention is, wherein the relationship between the spacing 
L(mm) and the length S(mm) satisfies a condition expression: L = S/25.4 
5+3.5 

In further aspect of the present invention can be achieved by the 
display apparatus of the present invention. The display apparatus of 
the present invention is, wherein the spacing L is the spacing between 
light emitting surfaces of the two display devices. 

10 In further aspect of the present invention can be achieved by the 

display apparatus of the present invention. The display apparatus of 
the present invention is further provided with an imaging device for 
imaging the image plane of at least one of said two display devices at a 
predetermined position not located on the screen of said at least one of 

1 5 said two display devices. 

In further aspect of the present invention can be achieved by the 
display apparatus of the present invention. The display apparatus of 
the present invention is, wherein at least one of the imaging device is 
provided with a lens. 

20 In further aspect of the present invention can be achieved by the 

display apparatus of the present invention. The display apparatus of 
the present invention is, wherein the lens is provided in correspondence 
with each of pixels of the two display devices or with each of pixel blocks 
or pixel lines formed by a plurality of pixels. 

25 In further aspect of the present invention can be achieved by the 

display apparatus of the present invention. The display apparatus of 
the present invention is, wherein the spacing L is an air-conversion 
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optical path length between the two display devices. 

In further aspect of the present invention can be achieved by the 
display apparatus of the present invention. The display apparatus of 
the present invention is, further provided with an optical path length 
5 changing device for changing the optical path length. 

In further aspect of the present invention can be achieved by the 
display apparatus of the present invention. The display apparatus of 
the present invention is, wherein the optical path length changing device 
is provided with a transparent member having a predetermined refractive 
10 index. 

In further aspect of the present invention can be achieved by the 
display apparatus of the present invention. The display apparatus of 
the present invention is, wherein the transparent member is constituted 
by at least one of glass or a resin. 

15 In further aspect of the present invention can be achieved by the 

display apparatus of the present invention. The display apparatus of 
the present invention is, wherein one of the two display devices is a 
display device combined by a half mirror, and the spacing L is the 
difference between the length of an optical path for light transmitted 

2 0 through the half mirror to reach the other of the two display devices and 
the length of an optical path for light reflected by the half mirror to reach 
said one of the two display devices. 

In further aspect of the present invention can be achieved by the 
display apparatus of the present invention. The display apparatus of 

25 the present invention is, wherein the sizes of the screens of the two 
display devices are equal to each other. 

In further aspect of the present invention can be achieved by the 
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display apparatus of the present invention. The display apparatus of 
the present invention is, wherein each of the display device except at 
least the one remotest from the viewer is formed by semitransparent 
display device. 

5 In further aspect of the present invention can be achieved by the 

display apparatus of the present invention. The display apparatus of 
the present invention is, wherein the semitransparent display device is 
provided with a liquid crystal display device or an electro-luminescent 
display device. 

10 According to the present invention, the viewer can perceive an 

image having a most or highly suitable three-dimensional appearance. 

Thie functions and advantages of the present invention will 
become apparent from the following description of modes of 
implementation of the present invention. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram showing the construction of a display 
apparatus which represents an embodiment of the present invention; 

FIG. 2A is a diagram schematically showing other arrangement 
20 of the image display imits of the display apparatus in the embodiment of 
the present invention; 

FIG. 2 B is a diagram schematically showing other arrangement 
of the image display \mits of the display apparatus in the embodiment of 
the present invention; 
25 FIG. 2C is a diagram schematically showing other arrangement 

of the image display vmits of the display apparatus in the embodiment of 
the present invention; 
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FIG. 3 is a diagram schematically showing the length S of a 
diagonal line and the spacing L in the display apparatus in the 
embodiment of the present invention; 

FIG. 4 is a table showing the relationship between the length S 
5 and the spacing L in the display apparatus in the embodiment of the 
present invention; 

FIG. 5 is a graph showing the relationship between the length S 
and the spacing L in the display apparatus in the embodiment of the 
present invention; 

10 FIG. 6 is a diagram schematically showing the spacing L in 

another arrangement of the image display units in the embodiment of the 
present invention; 

FIGS. 7A is a diagram schematically showing the spacing L in 
other arrangement of the image display units in the embodiment of the 
15 present invention; 

FIG. 7B is a diagram schematically showing the spacing L in 
other arrangement of the image display units in the embodiment of the 
present invention; 

FIGS. 8A is a diagram schematically showing the spacing L in 
20 other arrangement of the image display units in the embodiment of the 
present invention; and 

FIGS. 8B is a diagram schematicadly showing the spacing L in 
other arrangement of the image display units in the embodiment of tiie 
present invention. 

25 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Modes of implementation of the present invention is described 
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below. 

One embodiment of a display apparatus in present invention is 
provided with a pliorality of display devices, at least one of which is a 
semitransparent display; and a fixing device for fixing the plurality of 
5 display devices to be placed along a front-rear direction on a viewer's line 
of sight each other, wherein a relationship between the spacing L(mm) 
between image planes of adjacent of the plurality of display devices and 
the length S(mm) of diagonal lines of the two display devices satisfies a 
condition expression:S/63.5 + 1.5 < L < S/12.7 + 7.0 

10 In the display apparatus according to the mode of 

implementation of the present invention, the plurality of display device is 
provided with, for example, a cathode ray tube (CRT) display device, a 
plasma display device, an electro-luminescent (EL) display device or a 
liquid crystal display device are fiixed by the fixing device is provided with 

15 a fixing device, e.g., a stopper, bolts or the like. The plurality of display 
device are thereby placed along the front-rear direction on the viewer's 
line of sight so as to satisfy the condition expression (1). 

If the plurality of display device display images for 
three-dimensional display in a superposed state as seen from the viewer 

2 0 side when the display apparatus operates, three-dimensional display can 
be performed. That is, the viewer can perceive an image having a 
three-dimensional appearance. For example, in the case of 
luminance-modulation three-dimensional display, alternating luminance 
activation of the adjacent two display device (hereinafter referred to as 

25 "two display device" as occasion demands) is performed by luminance 
allocation with respect to corresponding image portions displayed by the 
display device to achieve continuous three-dimensional display such that 
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an image appears to exist at a position in the depth direction between the 
two display device, or discrete three-dimensional display such that each 
of image portions is displayed on one of the two display device. Further, 
continuous or discrete display such that an image appears to exist at a 
5 position between three or more display device can also be performed. In 
such a case, if the viewer views one of the display device, for example, 
through a lens, a half mirror, a transparent member having a 
predetermined refractive index, or the like^ the image plane of the display 
device recognized by the viewer (i.e., the image plane of the light emitting 

10 surface of the display device) is imaged at a predetermined position 
different from the position at which the display device is actually fixed. 
If the viewer views the display device not through any lens, any half 
mirror, any transparent member having a predetermined refractive index, 
or the like, the image plane recognized by the viewer is the same as the 

15 light emitting surface of the display device. 

In the display apparatus having the above-described plurality of 
display device, there is a possibility of difficulty in displaying a 
three-dimensional image or failure to display a three-dimensional image, 
depending on the spacing between the image planes of the plurality of 

20 display device recognized by the viewer. For example, as the spacing 
between the two image planes of the adjacent two display device in the 
plurality of display device (hereinafter referred to as "adjacent two image 
planes" as occasion demands) is reduced, the spacing between two image 
planes becomes smaller in comparison with the distance between the 

25 viewer and the display apparatus. Therefore, in a case where the two 
image planes are imaged with a spacing smaller than a certain spacing, 
the viewer perceives an image lacking in depth or having a weak 
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tiiree-dimensional appearance. 

In this mode of implementation in particular, the pliirality of 
display device are fixed by the fixing device in such positions that the 
condition expression (1) is satisfied to image the two image planes with a 
5 spacing equal to or larger than the minimum spacing (i.e., the lower limit 
value) in a range of spacing in which an image having a 
three-dimensional appearance can be displayed, thereby enabling the 
viewer to perceive an image having a three-dimensional appearance. 

Conversely, if the two image plames are imaged with a spacing 
10 larger than a certain value, image portions displayed at ends of the image 
planes in particular cannot be displayed in a superposed state on the 
viewer's line of sight. That is, the viewer views the three-dimensional 
display images on the two image planes with a misalignment between the 
images. I such a situation, it is difficult or impossible for the viewer to 
15 perceive an image having a three-dimensional appearance. 

In this mode of implementation in particular, the plurality of 
display device are fixed by the fixing device in such positions that the 
condition expression (1) is satisfied to image the two image planes with a 
spacing equal to or smaller than the maximum spacing (i.e., the upper 
20 limit value) in the range of spacing in which an image having a 
three-dimensional appearance can be displayed, thereby enabling the 
viewer to perceive an image having a three-dimensional appearance. 

More specifically, if the length of diagonal lines of the two display 
device is S millimeters, the upper limit value of the spacing between the 
25 two image planes is S/ 12.7 + 7.0 millimeters, and the lower limit value is 
S/63.5 +1.5 millimeters. That is, if the two display device are fixed in 
such positions that a state in which the spacing between the two image 
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planes is equal to or smaller than S/12.7 + 7.0 millimeters is realized, 
and that a state in which the spacing between the two image planes is 
equal to or larger than S/63.5 +1.5 millimeters is realized, the viewer 
can perceive an image having a three-dimensional appearance. 
5 The "length of the diagonal line of the display device" is, for 

example, the distance between the upper left and lower right comers of 
the screen of the display device (or the distance between the upper right 
and lower left comers of the screen) if the display device is rectangular, 
which distance is expressed in millimeters. In a case where the shape of 

10 the display device is not rectangular, a rectangular shape approximated 
to the shape of the display device (e.g., a rectangular shape of the same 
area as that of the area of the screen of the display device, of a 
rectangular shape having a contour similar to the contour of the screen) 
may be used and the length of a diagonal line of such a shape may be 

15 used as S. 

Even in a case where the display apparatus has three or more 
display device, each adjacent pair of display device are fixed in such 
positions as to satisfy the above-described condition expression (1) to 
enable the viewer to perceive an image having a three-dimensional 
2 0 appearance. 

In this mode of implementation, any three-dimensional display 
method other than the luminance modiolation method may be used as a 
three-dimensional display method. Even in such a case, the plurality of 
display device may be fixed in such positions as to satisfy the 
25 above-described condition expression (1) to enable the viewer to perceive 
an image having a three-dimensional appearance. 

Another embodiment of a display apparatus in the present 
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invention is, wherein the relationship between the spacing L(nim) and the 
length S(mm) satisfies a condition expression: S/ 50. 8 + 2.0 < L < 
(3xS)/50.8 + 5.0 

According to this mode of implementation, the two display device 
5 are fixed in a state of having a predetermined spacing such that the two 
image planes are imaged with a spacing satisfying the condition 
expression (2) by which the range defined by the condition expression (1) 
is further reduced, thereby enabling an image to be displayed in a more 
suitably superposed state, as seen from the viewer. The viewer can 

10 perceive an image with an improved feeling of depth in comparison with 
the case where the two image planes are imaged with a spacing close to 
the lower lirriit value of the condition expression (1), or the viewer can 
perceive an image having a three-dimensional appearance without 
recognizing a misalignment between the two image planes in comparison 

15 with the case where the two image planes are imaged with a spacing 
close to the upper limit value of the condition expression (1). 

More specifically, with respect to a variable representing the 
length S of the diagonal lines of the two display device, a recommended 
upper limit value of the spacing between the two image planes is 

20 3xS/50.8 + 5.0 millimeters and a recommended lower limit value is 
S/50.8 + 2.0 millimeters. That is, the two display device are fixed in 
such positions that a state in which the spacing between the two image 
planes is equal to or smaller than 3xS/50.8 + 5.0 millimeters is realized, 
and that a state in which the spacing between the two image planes is 

25 equal to or larger than S/50.8 + 2.0 millimeters is realized, thereby 
enabling the viewer to perceive an image having a three-dimensional 
appearance appropriately. 
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Other embodiment of a display apparatus in the present 
invention is, wherein the relationship between the spacing L(mm) and the 
length S(mm) satisfies a condition expression: L = S/25.4 + 3.5 

According to this mode of implementation, the two display device 
are fixed with a predetermined spacing set between them, such that the 
two image planes are imaged so as to satisfy the condition expression (3) 
which further reduces the range in accordance with the condition 
expression (1) and by which a value suitable or most suitable for display 
of an image having a three-dimensional appearance (i.e., a recommended 
value) is given, thereby enabling the viewer to perceive an image having a 
further improved three-dimensional appearance. That is, the two 
display device are fixed in such positions that the two image planes are 
imaged with a spacing given as the recommended value to enable the 
viewer to perceive an image having a three-dimensional appearance 
without recognizing a misalignment between the two image planes in 
comparison with the case where the two image planes are imaged with a 
spacing larger than the recommended value, and to enable the viewer to 
perceive a three-dimensional image improved in terms of feeling of depth 
(i.e., an image having a three-dimensional appearance) in comparison 
with the case where the two image planes are imaged with a spacing 
smaller than the recommended value. 

More specifically, with respect to the variable representing the 
length S of the diagonal lines of the two display device, the two display 
device are fixed in such positions that a state in which the spacing 
between the two image planes is equal to the recommended value S/25.4 
+ 3.5 millimeter is realized, thereby enabling the viewer to perceive an 
image having a most or highly suitable three-dimensional appearance. 
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The symbol in the condition expression (3) shown above, indicating 
equality according to its essential sense, also signifies that a difference 
from the recommended value such that the resulting visual difference 
cannot be recognized by the viewer is allowed. That is, substantially the 
5 same result depending on the resolution or discrimination on the basis of 
visual sensation may suffice. 

Further embodiment of a display apparatus in the present 
invention is, wherein the spacing L is the spacing between light emitting 
surfaces of the two display devices. 

1 0 According to this mode of implementation, the two display device 

can be fixed by being positioned with reference to the light emitting 
surfaces of the two display device so that the condition expression (1), (2) 
or (3) is satisfied, while no consideration is given to components held by 
the display device, the size of the frame, etc. 

15 In a further mode of implementation of the present invention, 

imaging device of imaging the image plane of at least one of the 
above-described two display device at a predetermined position not 
located on the one display device is further provided. 

According to this mode of implementation, the imaging device is 

20 provided with, for example, a lens or the like is placed between the two 
display device or between the viewer gind one of the two display device. 
At least one of the two image planes is visually recognized by the viewer 
through the imaging device. That is, the image plane recognized by the 
viewer through the imaging device is imaged at the predetermined 

2 5 position different from the position at which the display device is actually 
fixed. Therefore, it is possible to image the two image planes with the 
desired spacing by using the imaging device to adjust the position at 
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which the corresponding image plane is imaged. 

Thus, the two image planes are imaged with a spacing suitable 
for three-dimensional display set and adjusted between them, thereby 
enabling the viewer to perceive an image having a three-dimensional 
5 appearance. 

In some cases, the two display device caimot be fixed by setting 
the spacing specified by the condition expression (1), (2) or (3), for 
example, due to some restriction on the specifications of the structure of 
the display apparatus. For example, a case is possible in which while it 

10 is required that the actual spacing between the two display device be 
increased to satisfy the condition expression (3), the desired increase in 
spacing cannot be achieved due to a need to reduce the size of the 
apparatus. Even in such a case, in the display apparatus of the present 
invention, the position at which at least one of the image planes can be 

15 adjusted by the imaging device. Therefore, the spacing between the two 
image planes can be increased without increasing the actual spacing 
between the two image display device. Thus, the plurality of display 
device can be fixed in such positions as to satisfy the condition 
expression (1), (2) or (3) optically or as seen from the viewer side. 

20 Further embodiment of a display apparatus of the present 

invention is, wherein at least one of the imaging device is provided with a 
lens. 

In this arrangement, since the imaging device is provided with a 
lens, the position at which the image plane of at least one of the two 
2 5 display device is imaged can be changed according to the focal length of 
the lens. Thus, the two image planes can be imaged comparatively 
easily with the desired spacing by adjusting the focal length of the lens. 
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For example, as this lens, any of various lenses, e.g., a convex 
lens, a concave lens, an aspherical lens, a Fresnel lens, a micro-lens 
array, and a variable-focus lens such as a liquid crystal lens can be used. 
A suitable or most sxiitable lens can be selected according to modes and 
5 conditions of use of the apparatus (e.g., a need for a reduction in size, 
and a requirement in specifications). Thus, the degree of design freedom 
is improved. 

The lens is provided in correspondence with each of pixels of the 
two display devices or with each of pixel blocks or pixel lines formed by a 
10 plurality of pixels. 

In this arrangement, one lens is provided in correspondence with 
each of a plurality of pixels, pixel blocks or pixel lines of the plurality of 
display device to ensure that all the pixels can be made uniform in 
brightness and in degree of imaging and an image uniform as a whole 
15 can be displayed. 

Moreover, in the display apparatus in this mode of 
implementation, the two display device are fixed in such positions that 
the two image planes are imaged with a suitable or most suitable spacing 
set between them, thereby enabling display of an image having a further 
20 preferable three-dimensional appearance. 

Further, since a lens corresponding to each of pixel blocks or 
pixel lines can be used, the construction of the lens array can be 
simplified. 

In other implementation of the present invention, the spacing L is 
25 an air-conversion optical path length between the two display devices. 

According to this mode of implementation, the spacing between 
the two image planes is computed as an air-conversion optical path 
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lengt±L between the light emitting surfaces of the two display device. The 
"air-conversion optical path lengtJi" is a virtual optical path length 
determined with reference to the corresponding optical path length in air, 
for example, in such a manner that in a case where the space between 
5 the light emitting surfaces of the two display device is filled with a 
medium having a refractive index different from that of air, the medium 
is replaced with air. If this value is LA, the air-conversion optical path 
length is expressed by LA = 1/n (where 1 is the actual spacing between 
the light emitting surfaces of the two display device, and n is the relative 
10 refractive index of the medium relative to that of air). Therefore, the two 
image planes are imaged with the same spacing as the air-conversion 
optical path length between the light emitting surfaces of the two display 
device. 

Since the spacing L between the two image planes in the 
15 expressions (1), (2) and (3) is the air-conversion optical path length LA 
between the light emitting surfaces of the two display device, LA = L is 
established. That is, 1/n = L is established. Therefore, the actual 
spacing 1 between the light emitting surfaces of the two display device 
can be computed by 1 = Lxn. Consequently, the spacing with which the 
20 two display device are actually fixed can be computed comparatively 
easily by considering the computed spacing 1, the thickness of the display 
device, the positions of the light emitting surfaces of the. display device, 
and so on. 

Thus, from the spacing L between the two image planes 
25 computed by the condition expression (1), (2) or (3) (e.g., the 
recommended value) and the refractive index n of the optical path 
changing device placed between the display device, the actual spacing of 
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the two display device (i.e., the spacing with which the two display device 
are to be fixed) can be derived comparative easily. 

This mode of implementation is further provided with an optical 
path length changing device for changing the optical path length. 
5 According to this mode of implementation, the optical path length 

between the two display device can be changed by using the optical path 
length changing device is provided with, for example, a transparent 
member having a predetermined refractive index or a total reflecting 
mirror suitably placed. 

10 For example, in a case where one of the two display device is 

recognized by the viewer through a trsinsparent member having a 
predetermined refractive index, the air-conversion optical path length 
between the two display device is reduced or increased according to the 
refractive index of the trsinsparent member. Therefore, the image plane 

15 of the display device visually recognized by the viewer through the 
transparent member having a predetermined refractive index can be 
imaged in front or at the rear of the display device as seen from the 
viewer side. 

Alternatively, one of the two display device may be recognized by 
20 the viewer via a total reflecting mirror suitably placed to change the 
optical path by reflecting so that the optical path length is increased. In 
such a case, the air-conversion optical path length is increased by an 
amount corresponding to the amount by which the opticad path is 
extended. Therefore, the image plane of the display device visually 
2 5 recognized by the viewer via the total reflecting mirror can be imaged at a 
position displaced rearward or so as to be remoter as seen from the 
viewer side by the distance of the extension of the optical path. 
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Thus, tiie spacing between tJie two image planes is adjusted to 
enable imaging with a spacing suitable for three-dimensional display. 

Further, in some cases, the two display device cannot be fixed by 
setting the spacing specified by the condition expression (1), (2) or (3), for 
5 example, due to some restriction on the specifications of the structure of 
the display apparatus. For example, a case is possible in which while it 
is required that the actual spacing between the two display device be 
increased to satisfy the condition expression (3), the desired increase in 
spacing cannot be achieved due to a need to reduce the size of the 
1 0 apparatus. Even in such a case, in the display apparatus of the present 
invention, the position at which the spacing between the image planes 
can be increased by the optical path changing device without increasing 
the actual spacing between the two display device is possible. Therefore, 
the spacing between the two image planes can be increased by the 
15 optical path length changing device without increasing the actual 
spacing between the two image display device. Thus, the plurality of 
display device can be fixed in such positions as to satisfy the condition 
expression (1), (2) or (3) optically or as seen from, the viewer side. 

In abovementioned implementation, the optical path length 
2 0 changing device is provided with a transparent member having a 
predetermined refractive index. 

In this arrangement, the optical path length changing device is 
provided with a transparent member having a predetermined refractive 
index is placed so as to relatively change the air-conversion optical path 
25 length between the two display device to a predetermined value, thereby 
enabling display described below. 

In a case where one of the two display device is visually 
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recognized by the viewer t±irough a member or a medium having a lower 
refractive index or through vacuum, the air-conversion optical path 
length between the two display device is increased. Thus, the image 
plane of the display device visually recognized by the viewer through a 
5 transparent member or the like having a refractive index lower than that 
of air can be imaged at a position displaced rearward or so as to be 
remoter as seen from the viewer side. 

In a case where one of the two display device is visually 
recognized by the viewer through a transparent member is provided with 

10 glass or a resin having a refractive index higher than that of air, the 
air-conversion optical path length between the two display device is 
reduced. Thus, the image plane of the display device visually recognized 
by the viewer through the transparent member having a refractive index 
higher than that of air can be imaged in front or as to be closer to the 

15 viewer side. 

The transparent member is constituted by at least one of glass or a 

resin. 

In this arrangement, light is transmitted through the transparent 
member is provided with glass or a resin. In this manner, the 

2 0 air-conversion optical path length between the two display device can be 
relatively reduced comparatively easily. 

In a further mode of implementation of the display apparatus of 
the present invention, one of the above-described two display device is a 
display device combined by a half mirror, and the spacing L is the 

25 difference between the length of an optical path for light transmitted 
through the half mirror to reach the other of the two display device and 
the length of an optical path for light reflected by the half mirror to reach 
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the above-mentioned one of the two display device. 

According to this mode of implementation, the two display device 
are not directly placed on the viewer*s line of sight but images are 
combined by device of the half mirror. Therefore, a device incapable of 
5 transmitting light can be used as the display device. For example, a 
CRT display device or a plasma display device can be used. 

Further, the arrangement is such that light from one of the two 
display device is reflected by the half mirror and thereafter perceived by 
the viewer, while light from the other display device is transmitted 

1 0 through the half mirror and thereafter perceived by the viewer. In this 
case, the spacing between the two image planes is computed from the 
difference between the length of the optical path for the light transmitted 
through the hailf mirror and the length of the optical path for the like 
reflected by the half mirror. The two display device are fixed in such 

15 positions as to satisfy the condition expression (1), (2) or (3), thereby 
enabling the viewer to perceive an image having a three-dimensional 
appearance. 

In a further mode of implementation of the display apparatus of 
the present invention, the screen sizes of the two display device are equal 

20 to each other. 

According to this mode of implementation, the display device 
having screen sizes equal to each other are used to enable the viewer to 
perceive an image having a three-dimensional appearance. The display 
apparatus in accordance with this mode of implementation can be 

25 formed by using a plurality of the same display device. Therefore, the 
display apparatus in accordance with this mode of implementation can 
be mass-produced by mass-producing the display device having only one 
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screen size, ajid manxafacturing lines can be combined or the 
rnanufacturing process can be simplified in comparison with the case of 
mass-producing a display apparatus having a plurality of display device 
differing in screen size. Thus, this arrangement has significant 
advantages in terms of the manufacturing cost, term, etc., required for 
manufacturing the display device. 

Even in a case where the screen sizes of the two display device 
are not equal to each other, for example, the screen size of one of the 
display device placed in front as seen from the viewer side is larger or 
smaller than that of the other display device placed at the rear as seen 
from the viewer side, the viewer can perceive an image having a 
three-dimensional appearance. 

In a further mode of implementation of the display apparatus of 
the present invention, each of the display device except at least the one 
remotest from the viewer is formed by semitransparent display device. 

According to this mode of implementation, an image existing at 
the rear of the display device placed in front can be seen through this 
display devicie, and the display device can be directly placed on the 
viewer's line of sight. 

In other implementation, the semitransparent display device is 
provided with a liquid crystal display device or an EL display device. 

According to this mode of implementation, an image having a 
three-dimensional appearance can be displayed comparatively easily by 
using display device in the form of a semitransparent panel such as a 
liquid crystal display device or an EL display device. 

The functions and other advantages of these modes of 
implementation will become apparent from the following description of an 
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embodiment of tiie present invention. 
(Embodiments) 

A display apparatus which represents an embodiment of the 
present invention will be described with reference to the drawings. 
5 (The Basic Construction and the Principle of Operation of Display 
Apparatus) 

The basic construction and the principle of operation of a display 
apparatus which represents an embodiment of the present invention will 
be described with reference to FIGS. 1 and 2. FIG. 1 is a block diagram 

10 showing the construction of a display apparatus which represents an 
embodiment of the present invention. FIG. 2A is a diagram 
schematically showing a display unit arrangement in the display 
apparatus. FIG. 2B is a diagram schematically showing an arrangement 
in which an imaging unit 20 is included in the display apparatus. FIG. 

15 2C is a diagram schematically showing an arrangement in which an 
optical path length setting unit 2 1 is included in the display apparatus. 

As shown in FIG. 1, the display apparatus I has a first display 
unit 11, a second display unit 12 placed at the rear of the first display 
unit 1 1, a fixing unit 13 connecting the first and second display units 1 1 

20 and 12 to each other, an image generation unit 14 which generates 
images to be displayed on the first and second display units 1 1 and 12, a 
first drive unit 15 which displays an image on the first display unit 11 on 
the basis of an image signal from the image generation unit 14, a second 
drive unit 16 which displays an image on the second display imit 12 on 

25 the basis of an image signal from the image generation unit 14, and a 
control unit 17 which performs overall control of the display apparatus 1. 
The first and second display units 11 and 12 form an image 
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display unit of tiie display apparatus 1. The first and second display 
vmits 1 1 and 12 are placed along a front-rear direction corresponding to 
a line of sight L from a viewer, with a predetermined spacing set between 
them. The first display unit 11 includes a first light emitting portion 
5 111 from which light is actually emitted, and the second display unit 12 
includes a second light emitting portion 121 from which light is actually 
emitted. The first display unit 1 1 is placed in a front position (i.e., at the 
front side as seen from the viewer), while the second display unit 12 
having the same screen size as the first display unit 1 1 is placed in a rear 

10 position (i.e., at the remote side as seen from the viewer). As the first 
display unit 11, a light- transmitting display device, e.g., a liquid crystal 
display device or an EL display device is used to enable the viewer to 
perceive through the first display unit 1 1 an image on the second display 
unit 12 positioned at the rear of the first display unit 11. The second 

15 display unit 12 may be a liquid crystal display device or an EL display 
device. Since it is necessary for the second display unit 12 to have a 
light-transmitting characteristic, a cathode ray tube (CRT) display device 
or a plasma diisplay device may be used as the second display unit 12. 
- Images are respectively formed on the first and second display 

20 units 11 and 12 to enable the viewer to recognize an image having a 
three dimensional appearance, although the image is discrete. Further, 
an image having a three dimensional appearance and perceivable as if 
the image exists between the first and second display units 11 and 12 
can be displayed by changing the luminances of the images on the first 

25 and second display units 1 1 and 12 

An arrangement in which a CRT display device or a plasma 
display device through which light cannot pass is used as the first 
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display unit 1 1 instead of a liquid crystal display device or an EL display 
can also be used. That is, as shown in FIG. 2A, the first display unit 1 1 
is placed so as not to cut the line of sight L in front of the second display 
unit 12, a half mirror 18 is placed across the line of sight from the viewer, 
5 and the angle of the half mirror 18 is determined so that an image 
displayed on the first display xinit 11 is superposed on an image 
displayed on the display unit 12, thus enabling a display device 
incapable of transmitting light to be used as the first display unit 11. 

Referring again to FIG. 1, in this embodiment in particular, the 

10 first and second display units 1 1 and 12 are fixed by the fixing unit 13 in 
a state where a spacing suitable or most suitable for three dimensional 
display determined according to the screen sizes of the first and second 
display units 11 and 12 is set between them, such that the image plane 
of the first display unit 11 (i.e., the light emitting surface or imaging 

15 surface of the first light emitting portion 111) and the image plane of the 
second display unit 12 (i.e., the light emitting surface or imaging surface 
of the second light emitting portion 121) can be recognized by the viewer. 
In other words, the first aiid second display imits 11 and 12 are fixed by 
the fixing unit 13 while setting a predetermined spacing between them to 

20 enable imaging on the image planes of the first and second display units 
with a suitable or most suitable spacing set between them. Detailed 
description will be made below of the spacing suitable or most suitable 
for display of an image having a three-dimensional appearance. 

Also, an arrangement in which an imaging unit 20 is placed 

25 between the first and second display units 11 and 12 as shown in FIG. 
2B may be used. Altematively, an arrangement in which an optical path 
length changing unit 21 is placed between the first and second display 
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units 1 1 and 12 as shown in FIG. 2C may be used. The imaging unit 20 
shown in FIG. 2B is provided with a lens, for example. The imaging unit 
20 images the image plane of the second display vmit 12 at a 
predetermined position different from the position of the image plane of 
the second display unit 12 fixed by the fixing unit 13. The optical path 
length setting unit 21 is, for example, a member made of glass, a resin or 
the like and having a predetermined refractive index. The optical path 
length setting unit 21 is used to change the optical path length between 
the first and second display units 1 1 and 12. 

Referring again to FIG. 1, the fixing unit 13 is provided with a 
casing or a frame of the display apparatus 1, screws, bolts, a stopper, or 
the like. The fitxing unit 13 connects the first and second display units 

1 1 and 12 to each other so that the first and second display units 1 1 and 

12 are placed along a front-rear direction on the viewer's line of sight. 

The image generation imit 14 generates and stores images to be 
displayed on the first and second display units 1 1 and 12. Also, images 
externally supplied, e.g., images prepared with a personal computer or 
the like may be recorded in a predetermined recording area and read out 
as required. Unit images can be individually managed and 
independently processed to be displayed. Images to be displayed can be 
individually controlled with respect to the display position and size, 
brightness, hues, displayed forms, image modifications, etc., as well as 
on which one of the first and second display imits 1 1 and 12 each image 
is displayed. 

The first drive unit 15 and the second drive imit 16 respectively 
drive the first and second display units 11 and 12 to display images. 
Each drive umt 15 or 16 drives the first or second display imit 11 or 12 



on the basis of an image signal for the first or second display unit 1 1 or 
12 formed by the image generation \init 14, Each of the first and second 
drive units 15 and 16 may have the function of performing 
ornamentation-purpose effective drive with respect to display timing, 
5 blinking or the like under the control of the control unit 17. 

The control unit 17 performs overall control of the display 
apparatus 1. For display of an image having a three-dimensional 
appearance, the control unit 17 sets display modes of the first and 
second display units 11 and 12, e.g., luminances and sizes and makes 

10 the image generation imit 14 generate image signals for display on the 
first and second display xinits 11 and 12. The control unit 17 also 
controls the operations of the first and second drive units 15 and 16. 
(Computation of the Relationship Between Spacing L and Length S) 

The relationship between the spacing L between the image planes 

15 of the first and second display units 11 and 12 of the display apparatus 

I and the length S of a diagonal line of the screen of the first display unit 

I I (i.e., the light emitting surface of the first light emitting portion 1 1 1) in 
this embodiment of the present invention will be described with reference 
to FIGS. 3 to 5. FIG. 3 is a diagram schematically showing the spacing 

20 L and the length S, FIG. 4 is a table showing the relationship between 
the spacing L and the length S, and FIG. 5 is a graph showing the 
relationship between the spacing L and the length S. 

As shown in FIG. 3, the first and second display units 1 1 and 12 
are fixed in front and rear positions on the viewer's line of sight by the 

25 fixing unit 13 (see FIG. 1). In a case where the viewer directly views the 
first and second display uinits 1 1 and 12 as shown in FIG. 3, the image 
plane of the first display unit 11 just coincides with the first light 
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emitting portion 111, and the image plane of the second display unit 12 
just coincides with the second light emitting portion 121. Accordingly, 
the spacing L between the image planes of the first and second display 
xinits 1 1 and 12 (hereinafter referred to simply as "spacing L" as occasion 
5 demands) is equal to the spacing between the first and second light 
emitting portions 111 and 121. 

In a case where the viewer views the first or second display unit 
11 or 12, for example, through a transparent member, a lens or the like 
having a predetermined refractive index, the spacing L is equal to the 

10 spacing between an image plane defined by optically converting the 
image plane of the first display unit 11 (i.e., the image plane of the first 
light emitting portion 111) and an image plane defined by optically 
converting the image plane of the second display unit 12 (i.e., the image 
plane of the second light emitting portion 121). 

15 The diagonal line length S is the distance between the upper left 

and lower right comers of the rectangular screen of the first and second 
display units 1 1 and 12 expressed in millimeters. 

It has been found that if the minimum of the spacing L in a range 
in which an image having a three-dimensional appearance c£in be 

20 displayed is "lower limit value"; the minimum of the spacing L in a range 
in which an image having a more preferable three-dimensional 
appearance is "reconmiended lower limit value"; a value of the spacing L 
at which an image having a most or highly suitable three-dimensional 
appearance is "recommended value"; the maximum of the spacing L in 

2 5 the range in which an image having a more preferable three-dimensional 
appearance can be displayed is "recommended upper Limit value"; and 
the maximxim of the spacing L in the range in which an image having a 
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three-dimensional appearance can be displayed; the relationship shown 
in FIG. 4 exists between these values in a case where the length of a 
diagonal line of the screen of the first display unit 1 1 (i.e., a diagonal line 
of the screen of the second display unit 12) is discretely increased from 
5 25.4 mm to 508.0 mm, for example (that is, in case where the screen size 
is increased in 1-inch steps from the 1-inch type to the 20-inch type). 

The above-described "lower limit value", "recommended lower 
limit value", "recommended value", "recommended upper limit value" and 
"upper limit value" are computed as described below. Each of a plurality 

10 of viewers views a three-dimensional image formed by images for 
three-dimensional viewing formed on the first and second display units 
11 and 12 when the spacing between the first and second display units 
1 1 and 12 is gradually changed with respect to each size of the image 
display units. As the spacing is changed, the contents of the image 

15 perceived by each viewer are changed. Therefore, upper limit values, 
recommended upper limit values, recommended values, recommended 
lower limit values and lower limit values are extracted according to 
different viewer's feelings about the three-dimensional appearance. 

Criteria of determination of spacing values to be extracted are as 

20 described below. A value of the spacing L at which the viewer does not 
have a sufficient feeling of depth when perceiving the image but can feel 
a three-dimensional appearance of the image is set as a criterion for 
"lower limit value". A value of the spacing L at which the viewer can 
have a sufficient feeling of depth when perceiving the image and can feel 

25 a good three-dimensional appearance of the image is set as a criterion for 
"recommended lower limit value". A value of the spacing L at which the 
viewer can feel a most or highly suitable three-dimensional appearance of 
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the image when perceiving tiie image is set as a criterion for 
"recommended value". A value of the spacing L at which the viewer can 
perceive an image by suitably superposing images displayed on the first 
and second display units 11 and 12 and can feel a good 
5 three-dimensional appearance of the image is set as a criterion for 
"recommended upper limit value". A value of the spacing L at which it is 
di£5cult for the viewer to perceive an image by suitably superposing 
images displayed on the first and second display units 1 1 and 12 but can 
feel a certain three-dimensional appearance is set as a criterion for 

1 0 "upper limit value" . 

Spacing values extracted as described above are plotted on a 
graph with respect to a variable representing the length of the diagonal 
line of the first display unit 1 1 . Approximation expressions are obtained 
from line connecting the plotted points, and values shown in the table of 

15 FIG. 4 are obtained from the approximation expressions. To obtain 
approximation expressions, any of various mathematical techniques, e.g., 
a least-squares method may be used. It is assumed that a linear 
function is used as each approximate expression in this embodiment. 
However, a quadratic function or a function of a higher order may 

2 0 alternatively be used. 

Condition expressions for specifying conditions for suitable 
three-dimensional display, determined by computation on the basis of 
various spacing values extracted as described above, are shown below. 

A condition expression for specifying the lower limit value with 

25 respect to the spacing L for suitable three-dimensional display is 
computed as shown by the following expression (4): 
L = S/63.5+ 1.5 ... (4) 
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A condition expression for specifying the recommended lower 
limit value with respect to the spacing L for suitable three-dimensional 
display is computed as shown by the following expression (5): 

L = 8/50.8 + 2.0 ... (5) 

A condition expression for specifying the recommended value 
with respect to the spacing L for suitable three-dimensional display is 
computed as shown by the following expression (6): 

L = 3/25.4 + 3.5 ...(6) 

A condition expression for specifying the recommended upper 
limit value with respect to the spacing L for suitable three-dimensional 
display is computed as shown by the following expression (7): 

L=(3xS)/50.8 + 5.0 ... (7) 

A condition expression for specifying the upper limit value with 
respect to the spacing L for suitable three-dimensional display is 
computed as shown by the following expression (8): 

L = S/12.7 + 7.0 ... (8) 

As shown in FIG. 4, in a case where the length of the diagonal 
line of the screen of the first .display , unit 11 is, for example^ 355.6 mm 
(that is, in a case where the display imit is a display having a screen size 
of fourteen inches), the lower limit value is 7. 10 mm; the recommended 
lower limit value is 9.00 mm; the recommended value is 17.50 mm; the 
recommended upper limit value is 26.00 mm; and the upper limit value 
is 35.00 mm. That is, if the first and second display units 1 1 and 12 are 
fixed in such positions that the spacing L between the image planes of 
the first and second display units 11 and 12 is within the range from 
7.10 to 35.00 mm, the viewer can perceive an image having a 
three-dimensional appearance. Also, if the first and second display 



units 11 and 12 are fixed in such positions t±iat the spacing L between 
the image planes of the first and second display units 11 and 12 is 
within the range from 9.00 to 26.00 mm, the viewer can perceive an 
image having a better three-dimensional appearance. Further, if the 
first and second display units 1 1 and 12 are fixed in such positions that 
the spacing L between the image plauies of the first and second display 
units 1 1 and 12 is 17.50 mm, the viewer can perceive an image having a 
highly suitable three-dimensional appearance. 

FIG. 5 is a graph showing the ranges defined by the condition 
expressions (4) to (8), the abscissa representing the length of the diagonal 
line of the first display imit 11, the ordinate representing the spacing L 
between the first and second display units 11 and 12. Since in this 
embodiment the condition expressions are obtained as approximation 
expressions using lineair functions as described above, the condition 
expressions are indicated by straight lines in the graph shown in FIG. 5. 

Even in a case where the length S of the diagonal line of the 
screen of the first display unit 1 1 is not any of the discrete values shown 
in FIG. 4 but a value freely selected, e.g;, S = 317.5 mm (that is, in the 
case of a display having a screen size of 12.5 inches), the viewer can 
perceive a three-dimensional image if the first and second display units 
11 and 12 are fixed in such positions that the spacing L between the 
image planes of the first and second display units 11 and 12 is within 
the range from 6.50 to 32.00 nmi (i.e., the range A shown in the graph of 
FIG. 5). Also, if the first and second display units 11 and 12 are fixed in 
such positions that the spacing L between the image planes of the first 
and second display units 11 and 12 is within the range from 8.25 to 
23.75 mm (i.e., the range B shown in the graph of FIG. 5), the viewer can 
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perceive an image having a better three-dimensional appearance. 
Further, if the first and second display tmits 1 1 and 12 are fixed in such 
positions that the spacing between the image planes of the first and 
second display units 11 and 12 is 16.00 mm (i.e., the point C shown in 
5 the graph of FIG. 5), the viewer can perceive an image having a most or 
highly sxiitable three-dimensional appearance. 
(Concrete Examples of Computation of Spacing) 

Concrete examples of the method of computing the spacing L in a 
case where one of the two image planes of the first and second display 

10 units 1 1 and 12 is imaged at a position different from the actual position 
of the first display unit 1 1 or the second display unit 12 will be described 
with reference to FIGS. 6 to 8. FIG. 6 is a diagram schematically 
showing a case where the first display unit 11 is combined by a half 
mirror. FIG. 7A is a diagram schematically showing an example of 

15 imaging of the image plane of the second display unit 12 to a position in 
front of the second display unit 12. FIG. 7B is a diagram schematically 
showing an example of imaging of the image plane of the second display 
unit 12 to a position at the rear of the second display unit 12. FIG. 8A 
is a diagram schematically showing an example of viewer's viewing of the 

20 second display unit 12 through a transparent member having a 
predetermined refractive index. FIG. SB is a diagram schematically 
showing an example of a case where the first and second display units 
11 and 12 are covered with transparent members having a 
predetermined refractive index. In these diagrams except FIG. SB, only 

25 the first light emitting portion 111 in the first display unit 11 and only 
the second light emitting portion 121 in the second display unit 12 are 
shown by being extracted. 
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in t±Le example shown in FIG. 6, the display apparatus of this 
embodiment has a half mirror 18 and is arranged so that light emitted 
from the first light emitting portion 1 1 1 is reflected by the half mirror 18, 
light emitted from the second light emitting portion 121 passes through 
5 the half mirror 18, and the light reflected by the half mirror 18 and the 
light passing through the half mirror 18 are combined on the viewer's 
line of sight. More specifically, the half mirror 18 is placed at an angle of 
forty-five degrees from the viewer's line of sight, and light emitted from 
the first light emitting portion 1 1 1 is incident on the half mirror 18 at an 

10 incident angle of forty-five degrees and is reflected by the half mirror 18 
at an reflection angle of forty-five degrees to be perceived by the viewer. 

The image plane 111a of the first light enaitting portion 111 
recognized by the viewer is imaged at a position defined by inversion of 
the first light emitting portion 111 about a reference plane corresponding 

15 to the reflecting sxorface of the half mirror 18. Accordingly, the spacing L 
between the image plane 1 1 la of the first light emitting portion 111 and 
the image plane of the second light emitting portion 121 (i.e., the spacing 
L between the image plane 111a of the first display ixnit 11 and the 
image plane of the second display unit 12) is the spacing L between the 

20 image plane 111a and the second light emitting portion 121. In other 
words, the spacing L is equal to the difference between the optical path 
length from the second light emitting portion 121 to the viewer and the 
optical path length from the image plane 1 1 la to the viewer. 

Since the image plane 111a and the first light emitting portion 

25 111 are in an inverted relationship with each other with respect to the 
reflecting surface of the total reflecting mirror, the optical path length 
from the image plane 1 1 la to the reflecting surface of the half mirror 18 
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and the optical path length from the first light emitting portion 1 1 1 to the 
reflecting surface of the half mirror 18 are equal to each other. 
Therefore, the spacing L between the image plane Ilia of the first 
display unit 1 1 and the image plane of the second display unit 12 in this 
5 case is computed as the difference between the length of the optical path 
for light which is emitted from the second light emitting portion 121, 
passes through the half mirror 18 and thereafter reaches the viewer, and 
the length of the optical for light which is emitted from the first display 
unit 11, is reflected by the half mirror 18 and thereafter reaches the 
10 viewer. 

In the example shown in FIG. 7A, the display apparatus of this 
embodiment is arranged in such a manner that a lens 20a is placed as 
the imaging unit 20 between the first light emitting portion 111 and the 
second light emitting portion 121. 

15 In the case where the viewer views the second light emitting 

portion 121 through the imaging unit 20, the image plane 121b of the 
second light emitting portion 121 is imaged at a predetermined position 
different from the actual position of the second light emitting portion 121. 
The position at which the image plane 121b is imaged varies depending 

20 on the focal length of the lens 20a and the distance between the lens 20a 
and the second light emitting portion 121. For example, if the focal 
length of the lens 20a is shorter than the distance between the lens 20a 
and the second light emitting portion 121, the image plane 121b is 
imaged in front of the second light emitting portion 121. In this case, 

25 the spacing L between the image planes of the first and second display 
unit 11 and 12 is the spacing L between the first light emitting portion 
111 and the image plane 12 lb of the second light emitting portion 121. 
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In the example shown in FIG. 7B, the focal length of the lens 20a 
is set longer than the distance between the lens 20a and the second light 
emitting portion 121 to image an image plane 121c at the rear of the 
second light emitting portion 121. In this case, the spacing L between 
5 the image planes of the first and second display unit 11 and 12 is the 
spacing L between the first light emitting portion 111 and the image 
plane 121c of the second light emitting portion 121. Thus, the spacing 
between the image planes of the first and second display units 1 1 and 12 
can be changed by adjusting the focal length of the lens 20a so as to 

10 satisfy the condition expression (1), (2) or (3). 

In the example shown in FIG. 8A, the display apparatus of this 
embodiment is arranged in such a manner that the optical path length 
changing unit 21 including a transparent member having a refractive 
index higher than that of air is placed between the first and second light 

15 emitting portions 111 and 121 fixed in a state of having the spacing L 
between them, the optical path length changing unit 21 being adhered to 
the first and second light emitting portions 111 and 121; 

When the viewer views the second light emitting portion 121 
through the optical path length changing imit 21, the image plane 12 Id 

20 of the second light emitting portion 121 is imaged in front relative to the 
second light emitting portion 121 since the refractive index of the optical 
path length changing unit 2 1 is higher than that of air. The image plane 
12 Id is imaged at a position rearwardly spaced apart from the first light 
emitting portion 1 1 1 by the distance represented by the air-conversion 

25 optical path length between the first and second light emitting portions 
111 and 121. Therefore, the spacing between the image planes of the 
first and second display units 11 and 12 is computed as the 
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If 

air-conversion optical path length between the first and second light 
emitting portions 111 and 121. The air-conversion optical path length 
LA between the first and second light emitting portions 111 and 121 is 
shown byLA = Ll/nif the relative refractive index of the optical path 
5 length changing lonit 2 1 relative to that of air is n. 

Description will be made of a case where the length of the 
diagonal line of the screens of the first and second light emitting portions 
111 and 121 is 482.6 mm, and where the first and second light emitting 
portions 111 and 121 are fixed in such positions that the two image 

10 planes are imaged with a spacing of the recommended value (22.5 mm 
obtained from FIG. 4) set between them. For imaging of the two image 
planes with a spacing of 22.5 mm, setting of the air-conversion optical 
path length between the first and second light emitting portions 111 and 
121 to 22.5 mm suffices. If the refractive index of the optical path 

15 changing device 21 is n = 1.2, an equation 22.5 = LI/ 1.2 is established 
since the air-conversion optical path length is shown by LA = LI /n. LI 
= 27 mm is thereby computed. That is, if the first and second display 
units 1 1 and 12 are fixed in such positions that the first and second light 
emitting portions 111 and 121 are placed with a spacing of 27 mm set 

20 between them, and if a transparent member having a relative refractive 
index of 1.2 relative to that of air is placed between the first and second 
light emitting portions 111 and 121, the viewer visually recogni2;es the 
image planes of the first and second light emitting portions 111 and 121 
in a state of being spaced apart by 22.5 mm. Thus, the viewer can 

25 perceive an image having a most or highly suitable three-dimensional 
appearance. 

In the example shown in FIG. 8B, the first light emitting portion 
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Ill constituting the first display unit 1 1 is covered with protective layers 
21a is provided with a transparent member having a predetermined 
refractive index n and having a thickness of L3, and the second light 
emitting portion 121 constituting the second display imit 12 is also 
covered with protective layers 21a is provided with a transparent member 
having a predetermined refractive index n and having a thickness of L3. 
Such a form in which the light emitting surface is covered with a 
protective layer is seen, for example, in EL display devices or the like. In 
such a case, the first display unit 1 1 has the first light emitting portion 
1 1 1 at its center, and the second display unit 12 has the second light 
emitting portion 121 at its center. The first and second display imits 1 1 
and 12 are fixed with a spacing L2 set between them. 

The air-conversion optical path length LB between the first and 
second light emitting portions 111 and 121 is obtained as the sum of the 
air-conversion optical path lengths in the protective layer portions having 
the predetermined refractive index and the optical path length in the 
portion filled with air between the first and second light emitting portions 
111 and 121. That is, the air-conversion optical path length LB is 
computed by LB = (L3/2)/n + L2 + (L3/2)/n. 

For example, in a case where the length of the diagonal line of the 
screen of the first and second display units 11 and 12 is 482.6 mm, as in 
the case shown in FIG. 8A; the thickness of each of the first and second 
display units 11 and 12 is 1.2 mm; and the refractive index of the 
protective layer 21a is 1.2, setting of the air-conversion optical path 
length LB to 22.5 mm suffices and an equation of 22.5 = (1.2/2)/ 1.2 + L2 
+ (1.2/ 2) /1. 2 is established from the equation show above for expression 
of LB. L2 = 21.5 mm is computed by this equation. That is, the first 



38 



and second display units 11 and 12 are fixed with a spacing of 21.5 mm 
set between them to enable the viewer to perceive an image having a 
most or highly suitable three-dimensional appearance. 

In each of the above-described examples of this embodiment, the 
5 positional relationship between the two display units is prescribed so 
that the above-described various condition expressions are satisfied by 
fixing with the fixing unit. However, the fixing unit may be arranged to 
fix the two display units so that the two display units can be moved 
within each of the ranges satisfying the various condition expressions. 

10 That is, the fixing lanit may be arranged so that at least one of the display 
imits can be moved along the font-rear direction to finely adjust the 
spacing in the range of spacing suitable or most suitable for 
three-dimensional display, as described above in the description of this 
embodiment, and the display units can be fixed in the desired positional 

15 relationship after this movement. In such a case, the movement of at 
least one of the display units or fine adjustment of the position along the 
font-rear direction may be manually performed or performed by using a 
mechanical or electric drive device such as a motor. 

The present invention is not limited to the above-described modes 

20 or implementation or embodiment. Changes or modifications may be 
made in the modes of implementation and the embodiment as required 
without departing from the gist or spirit of the present invention readable 
fi-om the appended claims and the entire specification, any display 
apparatus involving such changes is also included in the technical spirit 

25 of the present invention. 

The invention may be embodied in other specific forms without 
departing from the spirit or essential characteristics thereof. The 
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present embodiments are therefore to be considered in all respects as 
illustrative and not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing description and all 
changes which come within the meaning and range of equivalency of the 
5 claims are therefore intended to be embraced therein. 

The entire disclosure of Japanese Patent Application No. 
2002-365449 filed on December 17, 2002 including the specification, 
claims, drawings and summary is incorporated herein by reference in its 
entirety. 
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